Abstract. The extensive use of pesticides in agricultur has raised toxicity level in environment because of their mutagenic and carcinogenic activity. A sensitive technique is needed to develop for the detection of pesticides to get high sensitivity and selectivity in complex matrices. Modified Stober's method was used for the synthesis of pure SiO 2 particles and grafted by linoleic acid. Grafted SiO 2 were examined for its capability as a sorbent for removal and preconcentration of four organochlorine pesticides i.e. endrin, dieldrin, aldrin and DDT. The particles of SiO 2 undergo hydrophobic interaction with linoleic acid by grafting. Both pure SiO 2 and linoleic acid grafted SiO 2 particles were characterized by SEM, FTIR and XRD. FTIR confirmed the grafting of SiO 2 with linoleic acid. XRD and SEM results showed monodispersed and spherical SiO 2 particles. The evaluation of grafted SiO 2 was carried out by spiking organochlorine pesticides in drinking water. The grafted SiO 2 particles could be used as a sorbent in solid phase extraction followed by high performance liquid chromatography with reverse phase C18 column with aqueous acetonitrile as a mobile phase with ultraviolet detector at 224 nm. The percent recoveries for aldrin, dieldin, endrin and DDT were 81, 52, 60 and 91%, respectively.
Introduction
In recent years, grafted silica has stimulated the attention due to their extensive applications including drug delivery, catalysis, cosmetics, chromatography, agriculture and water purification. Silca appears to be a good medium for grafting as it is thermally and mechanically stable material. It is an inorganic polymer has poor interactions with non polar organic compounds Hence, silica particles are being loaded with linoleic acid through the process of grafting for separation and preconcentration of pesticides. Linoleic acid has got attention as organic modifier due to its properties of hydrophobicity, polar group, easy preparation and conjugated structure [1] [2] [3] . Organochlorine pesticides are the group of human-made pesticides which are cyclic polychlorinated molecules contain carbon, hydrogen and chlorine. They are dangerous as persistent in organically pollutant chemicals which break down very slowly and bioaccumulate in lipid rich tissues such as body fat [4] [5] [6] [7] .
The commonly used techniques for the detection of organochlorine pesticides are gas chromatography (GC) and high performance liquid chromatography (HPLC). Their direct determination in trace amount is difficult due to matrix interfences and insufficient detection power. They will undergo cleaning and enrichment step before analysis due to complexity of matrix and for accuracy [8] . A variety of enrichment techniques for pesticides from water have been used including liquid-liquid extraction (LLE), stir bar sorptive extraction (SBSE), liquid phase micro extraction (LPME), solid phase extraction (SPE) and solid phase micro exraction (SPME). SPE is being preferred as it has good recovery, availability of various sorbents, less use of organic solvents, less extraction time, ease of automation and operation [9] [10] [11] [12] [13] [14] . The grafted materials are acquired by simple immobilization of an organic polymer or group on sized objects through covalent bond. The purpose of grafting is to enhance the selectivity of sorbent by developing interactions for particular analyte of interest [15] [16] [17] [18] [19] [20] [21] .
In previous research works, silica was being modified with polymethyloctylsiloxane for preconcentration of pesticides with recovery of 72%. Similiarly, C 18 bonded silica was also used for extraction of pesticides from coconut water with the recovery of 74% [22] [23] . Carbon nanotubes recovered three toxic pesticides with 84-93% range [24] . Similarly, primary secondary amine was used as sorbent for preconcentration of twenty seven pesticides in radix astragali with recovery of 70-120% [25] . A polymeric resin abselut nexus was prepared as a sorbent to extract pesticides from water samples with recovery of 75% [26] . The five SPE sorbent were prepared such as highly cross linked polystyrene divinylbenzene, C 18 bonded silica, surface modified styrene divinylbenzene, divinylbenzene-N-vinylpyrrolidone and grafted carbon black for pesticides analysis with recovery of 70% [27] [28] . The application of grafted silica with linoleic acid in comparision to synthesized and commercially available silica appears to be more attractive in pesticides preconcetration due to its simple assembly, effectiveness and cost control operation. The reagent used for grafting should be non toxic and form strong interaction with pesticides [29] [30] .
In present study, novel SPE sorbent material has been prepared for preconcentration of pesticides in drinking water. Stober's method was modified and improved for synthesis of pure silica particles of different size. Linoleic acid (LA) was used as a modifier to be immobilize on the surface of silica particles. The grafted sorbent have characteristics of both silicaparticles (large surface area) and linoleic acid (hydrophobic and Van Der Waals interactions with given analytes). The modified silica particles and linoleic acid grafted silica particles were characterized by scanning electron microscope (SEM) analysis, fourier transform infrared spectroscopy (FTIR) and X-ray diffraction. Grafted silica particles were used for the enrichment of pesticides and to carry out this. The newly prepared sorbent was packed in syringes and used in SPE. The capacity of grafted sorbent to retain pesticides was verified by HPLC with ultraviolet detection.
Materials and Methods
Materials. TCL Pesticides Mix standard was acquisited from Supelco (Bellefonte, PA, USA), Tetra ethoxy orthosilicate (molecular weight =208.33 g/mol, analytical grade) was purchased from sigma Aldrichn, linoleic acid (molecular weight =280.45 g/mol, analytical grade), ammonia, ethanol, nHexane, deionized water and toluene was received from Merck. Methanol and acetonitrile of HPLC grade was purchased from sigma Aldrich. All chemicals were of analytical grade and used as received. Method. In modified Stober's method, ethanol (12 mL), tetraethoxyorthosilicate (6 mL) and deionized water (12 mL) were taken in a conical flask and stirred continuously for 40 min on a hot plate. After that, ammonia (9 mL) was added and kept for stirring for 2 h. Again after 2 h tetraethoxyorthosilicate (3 mL) was added upon stirring. Then, after 30 min ammonia (9 mL) was added and the reaction mixture was allowed to stir continuously for 24 h. A white color solution was formed and it was centrifuged at 3000 rpm for 20 min. After centrifugation the resultant material was dried and as a result a pure white silica powder was formed. In this method instead of calcinations; centrifugation is being preferred as it provides extensive purification to silica particles. In addition to this for calcinations we have to heat our product which affects its further proceeding and its application. Grafting of Linoleic Acid on the Surface of Silica. In this method, 100 mL of n-hexane and 1.5 g of modified SiO 2 particles were completely mixed in a three-necked round bottom flask outfitted with a thermometer and condenser, and then 0.5 g of linoleic acid was added. The mixture was heated under continuous stirring at 60 ˚C on hot plate for 4 h and then was cooled at -5 ˚C for about 3 h. After cooling, the mixture was centrifuged at 3000 rpm for 20 min to obtain off-white colored precipitate. At the end, the precipitates were washed with the mixture of ethanol and deionized water in ratio of 3:7 by volume to obtain pure linoleic acid grafted silica particles.
Characterization
Fourier Transform Infrared (FTIR) Spectroscopy. The spectra of synthesized modified silica and linoleic acid grafted modified silica (SiO 2 -LA) obtained from FTIR was examined using BRUKER model IFS 88 Infrared spectrophotometer in the range 4000-500 cm -1 on thin wafers of potassium bromide (KBr) in which 1 wt% of synthesized materials were dispersed. Scanning Electron Microscopy (SEM). Morphology of synthesized modified silica and linoleic acid grafted modified silica (SiO 2 -LA) was determined by scanning electron microscope (SEM) photographs using a HITACHI S-4700 microscope performed at 60 kV. The samples were desiccated at 373 K for 240 min and layered with a coating before analysis. X-ray Diffraction (XRD) analysis. XRD of modified silica and linoleic acid grafted modified silica (SiO 2 -LA) was determined by using Rigaku D/Max 2500 VBZ+/PC diffractometer, used Cu-Kα radiation (40 kV, 200 mA) range between 3º and 90º, 2θ for wide angle range. Stock Solution. Stock solution at the concentration of 200 ppm was prepared in n-hexane and stored in amber bottle at 4 ºC. Primary Dilution Standard Solution. Working standard of 100 ppm was prepared from stock solution and diluted with n-Hexane (HPLC grade) by using Eq-1:
Spiked Solution. The spiked solution of 50 ppm was prepared from primary dilution standard solution and diluted with distilled water upto mark. Application of Grafted Silica for Pesticides Preconcentration. Solid Phase Extraction. In a 3 mL disposable cartridge 200 mg of linoleic acid grafted modified silica was compressed on a bottom. The sorbent was washed with methanol (3 mL) followed by hexane (5 mL). Subsequently the system was conditioned and activated with methanol (3 mL) and then by de ionized water (5 mL). A 50 mL of spiked water sample of pesticides were penetrated through the sorbent. The flow rate was adjusted about 2 mL/min under vacuum system. After passing the whole sample through cartridge for enrichment step, it was dried for 10 min under vacuum to remove the solvent. Organochlorine compounds were restrained on the solid phase or sorbent and eluted with hexane (5 mL). The volume of eluate was decreased to 1 mL by using a gentle nitrogen stream.
High Performance Liquid Chromatography (HPLC).
The HPLC was turned on half hour before the sample was injected. The sample was injected through 50 µL micro-syringe. 20 µL sample was enough to fill the injection loop and the extra sample went into the waste. The column was made of stainless steel, 25 cm in length, particle size 5 µm and 4.6 mm internal diameter and column was made up of octadecyl silicon or C 18 and HPLC with reverse phase mode was used. The solvent of acetonitrile and deionized water in ratio of 70:30 (v/v) were used as a mobile phase, isocratic elution for 5 min followed by linear gradient elution to 100% acetonitrile for 25 min .The rate of flow of mobile phase was 1 mL/min. The back pressure of HPLC was 1400 psi. Detection was done by using UV-visible detector (Perkin Elmer 200) at wavelength 224 nm. First the standard was run for 30 min to get standards chromatogram and then spiked pesticide water sample was under same conditions. The response of the chromatograph was sent to the computer and chromatogram was obtained by real time analysis. The formula used for calculation of percent recovery is described in Eq-2:
% Recovery = Concentration after passing through SPE Known concentration of standard × 100
Results and Discussion X-ray Diffraction Analysis. The synthesis of modified silica and its grafting with linoleic acid has confirmed by XRD are shown in Fig. 1 . The chromatic intense beam of light falls on a parallel lattice plane of crystal, the incident beam is reflected secularly from various planes of crystal by process of crystal diffraction of scattering. The XRD results showed that high percentage of 318 Advanced Materials -XV modified silica particles is amorphous but a few of them are crystalline. The major phase is SiO 2 quartz and the minor phase is SiO 2 cristobalite. The intense peak at θ = 24 o showed that silica peak is amorphous in nature because of smaller particle size and incomplete inner structure of particles. No other peak other than silica showed purity of synthesized particles. The intensity of the diffraction peak is different in linoleic acid grafted silica particles which confirmed the grafting of linoleic acid on silica particles [31] [32] . Fourier Transform Infrared (FTIR) Analysis. Linoleic acid was selected for grafting on silica particles due to double bond carbonyl group along with a double bond in alkyl chain with a good hydrophobic, Van Der Waals and steric interactions with pesticides. Fourier transform infrared spectroscopy (FTIR) spectra of modified silica particles and linoleic acid grafted modified silica particles are shown in Fig. 2 respectively. In both FTIR spectra prominent peaks are appeared around 1090 cm -1 which coincide to stretching vibration of Si-O-Si together with peak at 810 cm -1 corresponds to symmetric vibration region of Si-O-Si groups results into synthesis of SiO 2 particles. The high energy of Si-O bond provides silica with high thermal stability and low thermal expansion coefficient. In Fig. 2b the peak of COOH which is characteristic of linoleic acid at 1729 cm -1 disappeared and a new peak at 1715 cm -1 coresponding to carboxylate appeared. It means COOH has reacted with OH group on the surface of silica and the product is carboxylate. The peak appeared in the region of 2800-2900 cm -1 corresponding to the absorption of the -CH symmetrical stretching vibrations because of attachment of linoleic acid group on surface of silica particles. This spectrum is obtained after sample washing with the mixture of ethanol and deionized water (3:7) by volume to remove unreacted linoleic acid in dried sample. It verified that the surface of modified silica particles has modified by linoleic acid through the reaction of functional sites of carboxylic acid with the Si-OH groups of silica particles [33] [34] [35] [36] . Scanning Electron Microscopy (Morphological Analysis). SiO 2 particles have high surface to volume ratio and small dimensions. In grafting process, linoleic acid is located within proximity of the material surface. Uniform spherical shaped SiO 2 particles of size 884 nm was prepared by the modified Stober's method. The modified quantity of TEOS solution in ethanol affected monodispersity and size of particles. Scanning electron microscope (SEM), provide the direct evidence for existence of solid particles. They show homogeneous distribution of particles. It is observed that color and distribution of modified silica is quite different from that of linoleic acid grafted modified silica due to coating of linoleic acid on its surface. SEM analysis proved the capability of linoleic acid to react and grafting on the surface of modified silica by keeping its solid characters without solubilization. Scanning images of modified silica at high magnifications are the evidence of uniform distribution and homogeneous arrangement Fig. 3 . Similarly SEM image of grafted modified silica at different magnifications prove that modified silica particles are covered with hydrophobic linoleic acid Fig. 3 [37, 38] .
Evaluation of Method Performance. In HPLC analysis for pesticides, UV detector provide spectral information and is an easy way for the confirmation of the analyte components. The combination of C-18 type reversed stationary phase HPLC with UV detector prove to be capable of detecting a wide range of molecules and identify target compounds. The recovery of extracted target pesticides was determined by comparison of peak areas of chromatograms obtained from standard and spiked pesticide sample exhibited the ability of synthesized linoleic acid grafted modified silica (SiO 2 -LA) sorbent to preconcentrate pesticides. The recovery was determined at c 320 Advanced Materials -XV the concentration of 50 ppm and one obtained at the higher level using relative peak areas are shown in Table 1 . The results showed that recoveries were greater than 80%. Such high value of recoveries are due to a limited removal of the impurities from the analyte. Good recoveries were received successfully from newly made SPE sorbent obtained by grafting of linoleic acid on the modified silica, which was caused by the linoleic acid crosslinking, provided the excellent retention to an extraction phase. The proposed method for preconcentration of pesticides in this research work is directly compared with other previously reported methods, show that newly synthesized sorbent have good potential for pesticides extraction and reduces the toxic residues.
Conclusions
This research work demonstrated the direct extraction of pesticides from drinking water by using SPE-HPLC with good recoveries. The pure silica was synthesized by modified stober's method, both pure and grafted modified silica were characterized by SEM, FTIR and XRD. The results showed hydrophobic linoleic acid had ability to interact, bind and adsorb on the surface of modified silica sorbent. The extraction efficiency increased with the increase of the novel sorbent mass due to the increase of binding sites for the sorption. Linoleic acid grafted silica was evaluated for the extraction of wide chemical range of organochlorine pesticides. The modification in stober's method resulted into increase of particles size of 884 nm. The newly synthesized linoleic acid Key Engineering Materials Vol. 778grafted silica based sorbent had capability to retain and preconcentrate endrin, aldin, dieldrin and DDT pesticides with good recovery varied from 50 to 91%. The results showed that solid phase extraction based technique with new sorbent can be a promising tool to improve the nowadays performance of methods used in pesticides control.
